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DURING TAKX-OF" AND LANDING OF JET AIRPLANES 

By John M .  Riebe 

SUMMARY 

In  view of the  t r a n s i t i o n  from propeller-driven t o  j e t  t ransports ,  
a study w a s  made t o  determine some of the important differences i n  t h e  
aerodynamic c h a r a c t e r i s t i c s  during take-off and landing. These d i f -  
ferences were primarily associated with the  absence of propel ler  s l i p -  
stream over t h e  wing and t h e  attendant e f f e c t s  on l i f t .  The consider- 

possible re la ted  f a c t o r s  as noise, heating, foreign-matter ingestion, or 
i h i l i t y  t n  obtain t h r u s t  reversa l .  Speed and a t t i t u d e  xay require c loser  
a t te r i i i a i  f o r  J e t  t ranspor t s  than f o r  propeller-driven t r a i - x p x t c  . Zez 
t ransports ,  by appl icat ion ~f 8 system nf l i f t .  augmentation, can have a 
l i f t - c o e f f i c i e n t  response with power on similar t o  t h a t  which has pro- 
vided an operational margin f o r  propelier-driven t ransports .  

& a t i o n s  were l imited only t o  l i f t - d r a g  re la t ions  and d id  not include such 

. 

INTRODUCTION 

In  view of the t r a n s i t i o n  f r m  propeller-driven t o  J e t  t ranspor t s ,  
a study w a s  made t o  determine c e r t a i n  important differences i n  the  aero- 
dynamic c h a r a c t e r i s t i c s  i n  the c r i t i c a l  area of take-off and landing 
operations.  These differences are  primarily associated with the  absence 
of propel ler  sl ipstreams over the wing and the attendant e f f e c t s  on l i f t .  
The present paper presents some r e s u l t s  from wind-tunnel tes ts  and impli- 
cat ions from the l i f t - d r a g  e f fec ts  i n  r e l a t i o n  t o  differences i n  operating 
techniques of j e t  and propeller-driven t ransports .  

The r e s u l t s  of some wind-tunnel t e s t s  of a jet-augmented-flap arrange- 
ment are a l so  presented with the view t h a t  such a device might be con- 
sidered f o r  providing future  j e t  t ransports  with lift increments due t o  
power similar t o  the slipstream effect  of propeller-driven t ransports ,  
should experience with present j e t  transports indicate  the need f o r  t h i s  
c h a r a c t e r i s t i c .  



2 

SYMBOLS 

l i f t  coef f ic ien t ,  - L i f t  
qs 

t h r u s t  coeff ic ient ,  - T 
qs 

t h r u s t ,  lb 

weight, l b  

dynamic pressure, 1 pV2, lb / sq  f t  
2 

mass densi ty  of a i r ,  0.002378 slug/cu f t  

veloci ty ,  knots 

angle of a t tack,  deg 

f l a p  def lect ion,  deg 

take-off velocity,  1.15 x Minimum power-off steady f l i g h t  
speed f o r  take-off configuration (See r e f .  1. ) 

wing area, sq f t  

DISCUSSION 

The da ta  used f o r  these considerations were obtained i n  wind-tunnel 
t e s t s  a t  the Ames Research Center ( f o r  example, see r e f .  2 )  and i n  the  
Langley 7- by 10-foot tunnels on models such as those shown i n  t h e  plan 
forms given i n  the  f igures .  

Take-Of f Maneuver 

The e f f e c t  of power on l i f t  coef f ic ien t  f o r  the  propeller-driven 
and j e t  t ransports  i s  presented i n  f i g u r e s  1 and 2, respect ively,  where 
CL i s  plotted against  a. L i f t  coef f ic ien t  a t  a given angle of a t tack  
increases with the application of power f o r  t h e  propeller-driven t rans-  
port;  t h i s  increase, of course, i s  a t t r i b u t e d  primarily t o  propel ler-  * 
slipstream e f f e c t s  on the wing lift. During take-off f o r  the airplane 
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being considered, the  t h r u s t  reaction i n  the  l i f t  d i r e c t i o n  i s  negl ig ib le .  
For the  j e t  t ranspor t  the  power-off and power-on curves coincide because 
the  j e t  makes l i t t l e  or no contribution t o  the l i f t  coef f ic ien t  through 
augmentation e f f e c t s  and the thrust-react ion component t o  l i f t  i s  a l s o  
negl igible .  The magnitude of lift coeff ic ient  corresponding t o  V2, t h e  
take-off speed, as determined from c i v i l  a i r  regulat ions ( r e f .  1) i s  
shown by the horizontal  dashed l i n e .  

For the  j e t  airplane,  V2 i s  r e l a t i v e l y  close t o  the m a x i m u m  l i f t  
coef f ic ien t  available,  e i t h e r  with power off or on, ind ica t ing  l i t t l e  
margin avai lable  i n  a t t i t u d e  or speed. This f a c t  i s  espec ia l ly  c r i t i c a l  
f o r  t h e  j e t  t ransport  because t h e  airplane a f t e r  accelerat ion f o r  take- 
off a t  low angles of a t tack  must be ro ta ted  t o  obtain take-off l i f t .  
This presents t h e  p o s s i b i l i t y  of overrotation i n t o  t h e  high-drag o r  
s t a l l  region. However, f o r  t h e  propeller-driven airplane,  although the  
take-off speed V2 i s  r e l a t i v e l y  close t o  the  m a x i m u m  l i f t  coef f ic ien t  
with power off ,  a f a i r l y  large reserve i n  l i f t  coef f ic ien t  i s  avai lable  
i n  operation with power on. 
angle of a t t a c k  required f o r  the transport  t o  lift off a t  
than without s l i p s t r e m  and the  ro ta t ion  required i s  therefore  l e s s  than 

wr i t ten  i n t o  the  c i v i l  air  reguiz t lms ,  they d:, provice an n p e r a t i u r d .  
margin f o r  propeller-driven transports a d  &-e lacking for Jet  t ramspor t  s . 

With the added l i f t  due t o  s l ipstream t h e  
V2 i s  l e s s  

r,_,, _:& + - " . 7 P n r \ V +  bL u-LIyrvA -. .Ithni.qh t.hese c h a r a c t e r i s t i r s  are not, fom,alljr 

Coupled with the grea te r  p o s s i b i l i t y  of running out of i i f t  coeff i -  
c i e n t  on t h e  j e t  a i rplane i s  t h e  possible loss i n  accelerat ion or climb 
because of high drag at the s t a l l  angle-of-attack region. This i s  i l l u s -  
t r a t e d  i n  f igures  3 and 4 which show curves f o r  the  estimated t h r u s t  
svailz>lc LIC? t h e  req~i rec?  thriist, f o r  a propeller-driven and a j e t  tr;qns- 
port ,  respectively,  given i n  terms of the  nondimensional parameter T/W 
or t h r u s t  divided by weight. For the propeller-d-'- I I -* t, -qnrT>nr+ c w A u r v A  the  
appl ica t ion  of constant engine power provides a reserve i n  miniman speed 
of about 35 knots below 
able f o r  climb as a t  the take-off speed 
indicated f o r  the j e t  a i rplane because power has a negl igible  e f f e c t  on 
the  l i f t  avai lable  f o r  minimum speed. I n  addition, a t  speeds below V2, 
the  increment between t h r u s t  available and t h r u s t  required f a l l s  off 
rap id ly  with t h e  r e s u l t  t h a t  a b i l i t y  t o  climb i s  rapidly reduced. These 
considerations indicate  t h a t  careful  maneuvering f o r  l i f t - o f f  and climb 
should be exercised f o r  the j e t  transport .  The use of an angle-of-attack 
ind ica tor  should be of considerable ass is tance i n  t h i s  regard.  Recent 
c i v i l  a i r  regulat ions permit the  use of a standby source of power such 
as rocket engines which could widen the  operation margin. 

V2 with as much or more t h r u s t  increment ava i l -  
Very l i t t l e  speed margin i s  V2. 

Another possible solut ion t o  the narrower working speed and a t t i t u d e  
range of the  j e t  t ransport  i s  t o  increase the  m a x i m u m  l i f t  coef f ic ien t  
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by t h e  use of leading-edge devices which extend the  l i f t  coef f ic ien t  t o  
higher angles of a t tack  and, a t  the  same time, reduce t h e  t h r u s t  required 
by the  delay of air-flow separation. This design consideration i n  con- 
junction with the  ground a t t i t u d e  l i m i t a t i o n  might prevent the  airplane 
from being ro ta ted  above t h e  maximum l i f t  coef f ic ien t .  However, t h i s  
design consideration would probably be compromised t o  some extent  because 
addi t ional  weight inevi tably appears when l i f t  becomes avai lable ,  r e s u l t i n g  
i n  
c lose t o  m a x i m u m  l i f t  coef f ic ien t .  

C 

V 2  occurring a t  a higher l i f t  coef f ic ien t  which i s  again r e l a t i v e l y  

Another possible solut ion t o  t h i s  problem would be t o  have a l i f t -  
coeff ic ient  curve with power f o r  the j e t  t ransport  similar t o  t h a t  f o r  
the propeller-driven t ransport .  This solut ion suggests some u t i l i z a t i o n  
of t h e  jet-propulsion system t o  increase t h e  l i f t  on the  wing such as 
t h e  application of l i f t  augmentation by means of a j e t  f l a p .  However, 
it should be emphasized t h a t  the  purpose of t h e  l i f t  augmentation being 
considered i s  t o  provide an operat ional  margin and not t o  provide l i f t  
f o r  shorter take-off and landing as i n  the  more usual sense. Under t h i s  
circumstance r a t i o s  of t h r u s t  t o  weight of the  order of t h a t  on current  9 

j e t  airplanes can be considered. 

Figure 5 shows cross-sect ional  views of several  possible j e t - f l a p  
arrangements t h a t  could be used t o  provide the  l i f t  augmentation. For 
t h e  power-on conditions the j e t  engine exhaust i s  d i rec ted  over the f l a p .  
For the  power-off conditions a double-slotted-flap configuration i s  used 
i n  order t o  provide the  highest l i f t  possible  with engines out.  Details 
of t h e  lift-augmentation systems are  given i n  references 3 ,  4, and 5 .  
For the  present analysis,  l i f t  and t h r u s t  curves were determined f o r  t h e  
internal-flow system since these d a t a  were avai lable  a t  the  low f l a p  
deflections used f o r  t'ake-off. 
Ground ef fec t  w a s  not included, but  the  e f f e c t s  a re  small f o r  t h e  con- 
d i t i o n s  considered. It should a l s o  be emphasized t h a t  choice of the  
l i f t -aqgnentat ion system and ease or  d i f f i c u l t y  of i n s t a l l a t i o n  would be 
affected by many considerations such as noise, s t r u c t u r a l  i n t e g r i t y  with 
heat,  foreign-matter ingestion, and possible use of t h r u s t  reversa l  i n  
t h e  system. 

The f l a p  w a s  f u l l  span and def lected 30'. 

Lif t -coef f ic ien t  curves f o r  the  power-off and power-on conditions 
of the  in te rna l  arrangement of f igure  5 a r e  shown i n  f igure  6. 
e f f e c t  of the  l i f t  augmentation ( i n  t h i s  case f o r  a value of t h r u s t -  
weight r a t i o  of 0 .22)  i s  similar t o  t h a t  of the  propeller-driven t ranspor t .  

The 

The curves f o r  t h r u s t  avai lable  and t h r u s t  required f o r  the  j e t  
t ranspor t  with the  lift-augmentation system are  shown i n  f igure  7. The 
thrust-required curve with lift augmentation extends t o  lower speeds and 
t h e  r a t e  of reduction of the  increment between avai lable  and required 
t h r u s t  drops off more slowly a t  the  lower speeds than f o r  t h e  power-off 

* 
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condition. 
f i g u r e  3 ind ica tes  t h a t  t h e  lift-augmentation system of t h e  j e t  trans- 
p o r t  provides an operat ional  margin in  l i f t  (or  speed) and a t t i t u d e  
somewhat s i m i l a r  t o  t h a t  of t h e  propeller-driven t ranspor t .  

A comparison of f igure  6 with f igure  1 and f i g u r e  7 with 

Landing Approach 

The e f f e c t  of power i n  providing l i f t  c h a r a c t e r i s t i c s  f o r  a j e t  
t ranspor t  similar t o  those that have been found of considerable b e n e f i t  
f o r  a propeller-driven t ransport  i s  shown by a comparison of f i g u r e s  8 
and 9. The l i f t  coef f ic ien t  i s  plot ted as a function of t h r u s t  coeff i -  
c i e n t  f o r  t h e  airplanes a t  constant a i n  a 3' gl ide  i n  t h e  landing- 
approach condition. I n i t i a l  trim conditions of CL and C+, for t h e  
two airplanes a r e  noted by t h e  c i rcu lar  symbols. 

For t h e  propeller-driven transport ( f i g  . 8), increased t h r u s t  coef - 
f i c i e n t  a l s o  r e s u l t s  i n  increased l i f t  coef f ic ien t  because of the e f f e c t  
of propel ler  sl ipstream. For t h e  j e t  t ranspor t  ( f i g .  9) without l i f t  
augmentation, no change i n  l i f t  accompanies a change i n  thrus t ;  there- 
fore;  a i rplane response, such as In a l a d i n g  wave-off or i n  a correct ion 
to gl ide  path, w i l l  probabiy 'oe riot SG rzpid as that, fer the p r o ~ ~ e i i e r -  
dr iven t r ansp r t .  D z m g h  the use of t h e  lift-augmentation system, t h e  
l i f t - c o e f f i c i e n t  response with power on can be made s i m i l a r  t o  that of 
t h e  propeller-driven t ranspor t .  

CONCLUDING REMARKS 

A study w a s  made t o  determine c e r t a i n  differences i n  t h e  aerodynamic 
c h a r a c t e r i s t i c s  during take-off and landing of j e t  and propeller-driven 
t ranspor t s .  Because of the  absence of propeller-slipstream e f f e c t s  on 
w i n g  l i f t ,  j e t  t ranspor t s  probably have l e s s  operat ional  margin than do 
propeller-driven t ranspor t s .  If the need arises, J e t  t ranspor t s ,  by the 
appl icat ion of l i f t  augmentation, can  have a l i f t - c o e f f i c i e n t  response 
with power on similar t o  t h a t  which experience with propeller-driven 
t ranspor t s  has indicated desirable .  The considerations a r e  l imi ted  only 
t o  lift-drag r e l a t i o n s  and do not include such possible r e l a t e d  f a c t o r s  
as noise, heating, foreign-matter ingestion, or a b i l i t y  t o  obtain t h r u s t  
reversa l .  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va. ,  April 14, 1939. 



6 

REFERENCES 

1. Anon.: Special Civil Air Regulation - Turbine-Powered Transport 
Category Airplanes of Current Design. Regulation No. SR-422A, 
CAB, July 2, 1958. 

2. Hickey, David H., and Aoyagi, Kiyoshi: Large-Scale Wind-Tunnel Tests 
of a Jet-Transport-Type Model With Leading- and Trailing-Edge High- 
Lift Devices. NACA RM ~58~12, 1958. 

3. Lowry, John G., Riebe, John M., and Campbell, John P.: The Jet- 
Augmented Flap. Preprint No. 715, S.M.F. Fund Paper, Inst. Aero. 
S c i . ,  Jan. 1957. 

4. Johnson, Joseph L., Jr.: Wind-Tunnel Investigation of a Small-scale 
Sweptback-Wing Jet-Transport Model Equipped With an External-Flow 
Jet-Augmented Double Slotted Flap. NASA MEMO 3-8-59~, 1959. 

5. Riebe, John M., and Davenport, Edwin E.: Exploratory Wind-Tunnel 
Investigation To Determine the Lift Effects of Blowing Over Flaps 
From Nacelles Mounted Above the Wing. NACA TN 4298, 1958. 



7 

3- 

C L  

1 
J 

4 
1 

e -4 0 4 8 12 16 
a, DEG 

- 

4 

Figure 1.- Effect of power on lift coefficient for propeller-driven 
transport. Take-off condition; 6f = 20'. 
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Figure 2.- Effect of power on lift coefficierrt for jet t ransport .  
Take-off condition; S, = 30'. 
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Figure 3 . -  Thrust variation for propeller-driven transport. Take-off 
condition; 6f = 20°. 
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Figure 4.- Thrust variation for jet transport. Take-off condition; b 

sf = 30°. 
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Figure 5 . -  Lift-augmentation systems. 
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Figure 6.- Effect of lift augmentation on jet t ransport .  Take-off 
condition; Ef = 300. 
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propeller-driven t ranspor t .  Irznding approach; = 60"- 
a, = Constant. 
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F i g ~ r e  9.-  Effect of t h r u s t  coeff ic ient  on l i f t  coef f ic ien t  f o r  j e t  

hndlng approach; t ransport  with and without l i f t  augmentation. 
6f = 60°; a, = Constant. 
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